Fresh-cut fruit products, including carambola (Averrhoa carambola L.) have limited marketability due to cut surface browning attributed to oxidation of phenolic compounds by enzymes such as polyphenol oxidase (PPO). The objective of this study was to evaluate postharvest changes of carambola slices in three different packagings. Carambola fruit (cv. Fwang Tung) were picked from the orchard of Estação Experimental de Citricultura de Bebedouro at mature-green stage. Fruit were washed, dipped in NaOCl solution (200 mg.L -1 for 5 minutes), and stored overnight at 10°C. Fruit were manually sliced into pieces of approximately 1 cm. Slices were rinsed with NaOCl solution at 20 mg.L -1 , drained for 3 minutes, and packaged in polyethylene terephthalate (PET) trays (Neoform N94); polystyrene trays covered with PVC 0.017 mm (Vitafilm -Goodyear); and vacuum sealed polyolefin bags (PLO, Cryovac PD900). The packages were stored at 6.8°C and 90%RH for 12 days and samples taken every 4 days. PET trays and PVC film did not significantly modify internal atmosphere and the high water permeability of PVC led to more rapid slice desiccation. PPO activity was lower when slices were packaged in PLO vacuum sealed bags, which reduced discolouration and led to better appearance maintenance for up to 12 days.
INTRODUCTION
Brazilian fresh-cut industry started at the beginning of 1980s and nowadays grows at a rate of 10% a year. According to some statistics this industry represented something around US$ 300 million dollars in business in 1998 (Moretti and Sargent, 2002) .
Carambola (Avehrroa carambola L.) is a fruit with great possibilities as a freshcut product. Oslund and Davenport (1983) and Wilson (1990) have reported carambola slices as having great potential for uses in salads and as garnishes for drinks or cocktails.
However, mechanical actions during processing cause tissue damages, affecting its physiological activity and consequently its quality (Watada et al., 1996) . The acceleration on quality loss, specially colour and firmness is related to endogenous enzymes and microorganisms (Yoo and Lee, 1999) . The principal restraint of using fresh-cut carambola is its susceptibility to tissue browning, due to polyphenol oxidase (PPO) mediated oxidation of phenolic compounds present in the tissue (Weller et al., 1995) .
In order to control these modifications in fresh-cut carambola, a number of studies have been conducted (Matthews et al., 1989; Weller et al., 1995 Weller et al., , 1997 Matthews and Myer, 1995) evaluating vacuum packaging and LLDPE. The objective of this study was to evaluate postharvest changes of carambola slices in three different packaging.
MATERIAL AND METHODS
'Fwang Tung' carambola fruit were harvested at mature green (50% yellow) stage and transported to the Laboratório de Tecnologia dos Produtos Agrícolas of FCAV/UNESP, Jaboticabal campus, Brazil. Following initial washing, fruit were dipped in a sanitary wash of sodium hypochlorite (200 mg.L -1 ) for 5 minutes and stored in a cold room at 10°C for 2 days. Fruit were transversely cut into slices of approximately 1 cm thick. Slices were rinsed with sodium hypochlorite (20 mg.L -1 ), air-dried for 3 minutes, and then placed into three different packagings: 1-L polyethylene terephthalate (PET) trays provided with fit covers (Neoform ® N94); polystyrene trays overlapped with 0.017 mm polyvinyl chloride film (PVC) (Vitafilm Goodyear ® ), and polyolefin bags (PLO) (Cryovac ® PD 900) sealed under vacuum of 900 mbars. The packagings were stored at 6.8°C for 12 days and samples were taken every 4 days. Three replicates were used per treatment withdrawal, with each packaging (weighing approximately 200 g) constituting a single replicate.
Moisture Loss
Moisture loss assessment within each treatment was conducted by weighing the packagings at each withdrawal.
Quality Evaluations
Visual appearance was determined based on the following subjective score: 1, excellent = absence of browning symptoms; 2, very good = small brown spots; 3, good = brown spots; 4, fair = brown spots and severe softening, and; 5, poor = slices completely brown and soft. Colour was determined using a Minolta chromameter Minolta, Japan) . Two readings were taken on the cut surface of three slices randomly collected from each replicate, and colour was expressed as luminosity (L), hue angle and chromaticity (Chroma) similar to the method of Miller and McDonald (1998) .
Slices were frozen and stored at -10°C, before homogenization for determination of total soluble solids (TSS), titratable acidity (TA), pH, and TSS:TA ratio (A.O.A.C., 1975) . Ascorbic acid (AA) content was determined using the Tillman method (Strohecker and Henning, 1967) . Total soluble sugar (SS) was determined using phenol-sulfuric assay (Dubois et al., 1956) , and reducing sugar (RS) by dinitrosalicilic acid method (Miller, 1959) . Total (TP) and soluble pectin (SP) were determined according to McCready and McComb's (1952) method.
Polyphenol oxidase (PPO) activity was determined by the method of Adnan et al. (1986) , with slight modifications. The enzymatic activity was expressed in EAU (Enzymatic Activity Units), which is defined as the activity providing 0.001 change in absorbance per minute under assay conditions (EAU.min -1 .g -1 ). Polygalacturonase (PG) was determined according to the method of Ghazali and Leong (1987) and expressed as nmol reducing sugars.min -1 .g -1 .
Package Internal Atmosphere Analysis Package internal atmosphere composition (O 2 and CO 2 ) was determined using gas samples from three packagings and analysed with a Finnigan gas chromatograph (Model 9001).
Statistical Analysis
The experiment desing was a three (packagings) x four (withdraws -0, 4, 8 and 12 days) factorial in a completely randomized desing with three replications. Data were statistically analysed using SAS (1996) .
RESULTS AND DISCUSSION
Packaging had a significant effect on the quality of the stored slices. A significative interaction for weight loss was observed between packaging and storage time (data not shown). PET and PLO stored slices presented weight loss of 0.47% and 1.45%, respectively, at the 12 th day of storage, but the PVC ones reached 22.04% at the same period. This result evidenced the higher permeability of PVC to water vapour which led to a greater weight loss by the products.
Moisture loss was the main factor on visual appearance declination. The PVC stored slices presented withered and soften from the 4 th day of storage (data no shown). At this time they scored as 3, thus, the limit of marketability. Despite low weight loss, PET stored slices also presented withered and at 8 day storage fog was observed into the trays which led to microbial growth. The PLO stored slices scored as very good throughout the storage period.
The colour of the PVC stored slices was significantly more saturated (higher chromaticity) than the slices stored in other packaging and chromaticity continued to increase during storage period (Table 1) . Packaging did not have a significative effect on the ability of slices to continue ripening, as hue angle increased during storage but did not differ between packagings (Table 1) . Packaging had little or none effect on the overall enzymatic browning intensity, as indicated by the lightness (L) value. The same trend was observed after air exposure (ΔL) for 5 hours. These findings can be related to the 'Fwang Tung' cultivar, which does not present a significant browning when sliced (Weller et al., 1995; Matthews and Myers, 1995) .
Packaging had a significant effect on the polyphenol oxidase (PPO) activity ( Table  2 ). The PLO stored slices presented lower PPO activity than PVC ones. However, PPO activity did not increase during storage period. According some authors (Mayer and Harel, 1979; Wheller et al., 1997 ) PPO activity increase during storage and can be related to the increase in browning, what did not happened herein. The lowest PPO activity shown by PLO stored slices can be related to the lowest oxygen concentration of the internal atmosphere in this package (7.37%) in relation to PET (16.05%) and PVC (14.06%) (Fig. 1 ). Matthews and Myers (1995) also reported better colour maintenance when carambola slices were stored under vacuum bags.
The atmosphere modification of PLO packaging presented great variability of the O 2 and CO 2 composition, whose values followed the temperature (increase in temperature at the 4 th day of storage to 8°C). The benefits of vacuum on PLO bags to promote adequate atmosphere modification are dependent to storage temperature and all the attention are needed to avoid any risk of damaging the products by high CO 2 concentration and/or anaerobic respiration.
The other packaging, PET and PVC, did not promote significant modifications of the atmosphere, maintaining high concentrations of O 2 and low concentrations of CO 2 (Fig. 1) . These findings are due to the great permeability of PVC to O 2 and CO 2 (Hall et al., 1979; Wills et al., 1998) and to the fit cover of the PET tray which allowed gas exchange.
Packaging did not have a significant effect on polygalacturonase (PG) activity, but its activity increased during storage period ( Table 2 ). The increase of PG activity led to higher pectin solubilization, mainly by PVC stored slices (Table 3) . Initially pectin solubilization was 17.47% and reached 57.22% at the 12 th day of storage. Softening increased during storage and it was only a limiting aspect on the quality of PVC stored, although.
Packaging also did not have a significant effect on soluble sugar (SS) as well as the storage time (Table 3) . At the 8 th day of storage, the reducing sugar (RS) content reduced significantly. According to Chitarra and Chitarra (1990) , in normal condition, degradation of reducing sugar to CO 2 occurs through the respiration process.
The titrable acidity (TA) of PVC stored slices was higher than the other packaging and increased during storage period (Table 4 ). The evolution of the TA shows an alteration of the ripening process because in whole fruits naturally occurs TA reduction, as reported by Campbell and Koch (1989), and O'Hare (1993) . These modifications of PVC stored slices can be due to microbial growth. Matthews (1989) also observed the rise of TA of LLDPE stored slices after 6 weeks storage.
The increase in TA led to a reduction of TSS/TA ration, as TSS did not change during storage (Table 4 ). This change can affect slices acceptability as TSS/TA is a flavour index (Chitarra and Chitarra, 1990).
CONCLUSION
The polyolefin (PLO) vacuum sealed bags packed slices maintained at 6.8°C received favourable visual appearance scores and presented low PPO activity and pectin 332 solubilization for up to 12 days. PVC did not effectively reduced weight loss which affected visual appearance from the 4 th day of storage allowed and softening occurrence. PET trays also did not modify properly the atmosphere and the occurrence of fog led to microbial growth, which became visible from the 8th day of storage. Means within a main effect followed by the same letter are not significant (Tukey, P<0.05). NS = interaction not significant; *interaction significant (P<0.05). pectin solubilization (%). Means within a main effect followed by the same letter are not significant (Tukey, P<0.05). NS = interaction not significant; *interaction significant (P<0.05). total soluble solids. Means within a main effect followed by the same letter are not significant (Tukey, P<0.05). NS = interaction not significant; *interaction significant (P<0.05). Figures   Fig. 1 . Effect of polyethylene terephthalate trays -PET (•), polystyrene trays overlapped with polyvinyl chloride -PVC (□) and polyolefin bags vacuum sealed -PLO (♦) on oxygen (A) and carbon dioxide (B) concentration during storage at 6.8°C for 12 days. Vertical bars denote SDs for means of 3 separate measurements.
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